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Sunday, February 16, 2014 179aare examining the movement of HM7DTail/LZ on actin bundles in filopodia
using de-membraned cell system. The result is underway.
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Myosin-10 is an actin-activated ATPase that participates in essential intracel-
lular processes such as filopodia formation/extension, phagocytosis, cell
migration and mitotic spindle maintenance. The myosin-10 duty-cycle ratio -
i.e. the fraction of time the motor remains tightly bound to actin during its to-
tal ATPase cycle - from previous biochemical studies are inconclusive, thus
whether this myosin displays intermediate or high duty ratio is still under
debate. To study this motor protein’s mechano-chemical properties we have
used a recombinant, truncated form of myosin-10 consisting of the first 940
amino acids, followed by a GCN4 leucine zipper motif to force dimerization.
Negative-stain electron microscopy reveals that the majority of molecules
(~87%) are dimeric with a head-to-head contour distance of ~50 nm. In vitro
motility assays show that myosin-10 moves actin filaments smoothly with a
velocity of 150 - 400 nm s1. Steady-state and transient kinetic analysis of
the ATPase cycle shows that the ADP release rate (~13 s1) is similar to
the maximum ATPase activity (~12 - 14 s1) and, therefore, contributes to
rate-limitation of the enzymatic cycle. Single molecule optical tweezers ex-
periments show that under intermediate load (~0.5 pN) myosin-10 interacts
intermittently with actin and produces a working stroke of ~17 nm, composed
of an initial 15 nm and subsequent 2 nm movement. At low optical trap loads,
we observed staircase-like processive movements of myosin-10 interacting
with the actin filament, consisting of up to six, ~35 nm, steps per binding
interaction. Here we describe the kinetics and mechanics of myosin-10, inter-
rogating bulk and single molecule biophysical/biochemical properties to
further our understanding of its ATP-driven, motor mechanism and how
this relates to its cellular functions.
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Filopodia is the structure protruding from the edge of the cells that plays an
important role in diverse cell motility. Myosin-X is involved in promoting filo-
podia formation and localizes at the tips of filopodia. However, the mechanism
of myosin-X-induced filopodia formation remains largely unknown. Here we
studied the mechanism of myosin-X-induced filopodia formation by directly
monitoring the dynamics of myosin-X, actin and actin regulating proteins
such as Arp2/3, vinculin and VASP during filopodia initiation and elongation.
We found a specific local nucleation of actin and Arp2/3 at the cell’s leading
edge, where integrin was accumulated during filopodia initiation. Myosin X
was then recruited to these sites by the lateral movement and gradual clustering
along the actin nucleation sites, and initiated filopodia formation. During filo-
podia extension, we found the translocation of Arp2/3 and other actin regu-
lating proteins along filopodia. Arp2/3 localized not only at the base of
filopodia, but also at the middle of long filopodia, from where myosin X initi-
ated the phased extension of filopodia, with the change of extension directions.
Elimination of integrin-b by siRNA significantly attenuated myosin X induced
filopodia formation and multiple phased elongations. Integrin-b is localized at
the position where filopodia direction changes. Based upon present findings, we
propose the following mechanism. Myosin X accumulates at focal adhesions at
the cell’s leading edge where integrin is localized. Myosin X promotes actin
convergence to produce the base of filopodia. Myosin X transports VASP to fi-
lopodial tips to facilitate elongation of filopodia. At the tip where myosin X is
accumulated, integrin is also accumulated and forms focal adhesion, from
where myosin X promotes second phase elongation to further extend filopodia.
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Myosin XI is the fastest known processive motor, and is implicated in organelle
transport and propulsion of cytoplasmic streaming in plant cells. We studied the
motility and dynamics of a recombinant myosin XI motor domain hybridized
with the myosin Va lever arm with 6 calmodulin-bearing IQ motifs and the
dimerization motif. Single molecule fluorescence tracking (FIONA) and polar-
ization (polTIRF) measurements support the hand-over-hand stepping model
for myosin XI. Its step size (~34.5 nm) is slightly shorter than the helical pitch
of actin filaments, suggesting an overall left-handed helical walking path. The
path was confirmed by polTIRF azimuthal angles as well as bead motility on
suspended actin filaments. The hybrid myosin XI showed a maximal velocity
of at least 4 mm/s, which is ~7-fold faster than its structurally similar cousin,
myosin V, but they have similar run lengths of ~1 mm. FIONA measurements
showed faster myosin XI stepping rates on actin filaments as compared to
bundled actin. The gliding filament assay gave 5-10-fold slower velocities
than single molecule processive runs. PolTIRF experiments identified several
classes of molecules, with different leading and trailing probe angles. These
classes may represent placement of the bifunctional rhodmaine probe on
different calmodulins. Compared with myosin V, myosin XI showed more var-
iable localization between steps and more off-axis motion, which may relate to
myosin XI’s role in cytoplasmic streaming on bundled actin beams. Supported
by NIH grant GM086352.
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Stereocilia are mechanosensitive organelles projecting from the surface of in-
ner ear hair cells that detect nanometer deflections induced by sound, gravity or
head movement. Unconventional myosin-15 (encoded by Myo15) is hypothe-
sized to regulate stereocilia development by delivering cargoes such as whirlin
and Eps8 to their tips. Whether myosin-15 actually functions as a transporter
remains untested and little is known regarding its activity, structure and regu-
lation within the highly specialized stereocilia compartment.
We have characterized the biochemical kinetics of a subfragment-1 (S1) like
truncation of mouse myosin-15, comprising the catalytic ATPase/actin bind-
ing domain plus two IQ light chain binding sites. Expression of the recombi-
nant S1 fragment in Sf9 insect cells required co-expression of multiple
molecular chaperones in order to recover significant quantities of active pro-
tein. Unlike most unconventional myosin classes, the IQ regions of myosin-15
did not bind calmodulin with high affinity; instead preferentially associating
with essential (MYL6) and regulatory (MYL12A) light chains that typically
partner with myosin-2 isoforms. Single molecule TEM confirmed that the pu-
rified S1 was correctly folded and monomeric. The S1 fragment was mechan-
ically active and moved actin filaments at ~170 nm$s1 in a gliding motility
assay. A powerstroke displacement of 7.8 nm was measured by optical trap-
ping. Transient kinetics revealed that ATP binding to myosin-15 was slow
and weak (K1k2 ¼ 0.17 mM1s1, 1/K1 ¼ 1898 mM), and that ADP release
(~12s1) was the rate-limiting step; indicating the predominant steady-state
intermediates for myosin-15 would either be with ADP, or no nucleotide
bound. Both states bind strongly to actin, suggesting that myosin-15 could
be capable of longer-range processive motility if oligomerized in vivo. These
data enable future kinetic and structural studies to investigate how deafness-
associated mutations targeted within the ATPase ultimately disrupt stereocilia
function.
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Class-18 myosins challenge our established view about myosins acting as
molecular motors. No member of this class appears to have a significant
ATPase activity, which is a prerequisite for motor activity. Humans express
two myosin-18 isoforms, myosin-18A and myosin-18B. Whereas recent
studies on myosin-18A shed some light on its cellular and biochemical
mode of action, the molecular function of myosin-18B remains poorly under-
stood. Class-18 myosins contain protein interaction domains outside their
generic motor domain. In the case of myosin-18B this includes a large,
